Four experiments are described in which 1 visual object (the target) was selected from another (the distractor) according to its color (Experiments 1, 2, and 4) or its relative location (Experiment 3) and then was classified according to a simple geometric property. Object classification was signaled as fast as possible by a precision or power grip response, and this grip was either compatible or incompatible with either object. When targets were selected by color, target-compatible grip responses were facilitated, but distractor-compatible grip responses were impaired. When targets were selected by location, similar results were obtained for target-compatible grip responses, but not distractor-compatible grip responses. These data are explained in terms of the involvement of action codes in object-level selection.
The ecological approach to understanding vision (Gibson, 1977 (Gibson, , 1979 and the information-processing or computational approach (Marr, 1982, e.g.) have often been portrayed as intrinsically incompatible (e.g., Fodor & Pylyshyn, 1981; Turvey, Shaw, Reed, & Mace, 1981) . One of the fundamental issues that seems to divide the two is the issue of representation. A basic tenet of ecological theories is that perception is direct: Viewers detect the actions that are afforded by the world. These affordances are specified by high-order relationships between sensory properties of the world and the perceiving agent. In contrast, information-processing theories stress the derivation or computation of internal descriptions or representations of the world from sensory data. Goodale and Humphrey (1998) have proposed that the two approaches are complementary in that they describe the functions of two modules in primate vision. The ventral system, consisting of projections from primary visual cortex to inferotemporal cortex, is said to provide the basis of object perception. As such, it is a representational system that encodes the visual properties of objects and their relations. It also has links with other high-level cognitive systems. In contrast, the dorsal system, formed by projections from primary visual cortex to posterior parietal cortex, has the role of controlling actions to visual objects, such as reaching and grasping them. This system might be said to be detecting affordances. The evidence for this broad distinction is compelling and extensive (Milner & Goodale, 1995) , with perhaps the most striking example being the double dissociation observed in neuropsychological investigations. For instance, patients with damage in the dorsal pathway have been observed to have difficulty in orientating their hand or adjusting their grip size when asked to handle an object (Goodale, Murphy, Meenan, Racicot, & Nicolle, 1993; Perenin & Vighetto, 1988) . In such cases, the patient continues to be able to report the orientation or size of the object he or she fails to grasp appropriately. In contrast, patients with damage in the ventral pathway have been described who cannot report some visual property yet can perform an action that depends on that very same property (Goodale & Milner, 1992; Goodale, Milner, Jakobson, & Carey, 1991; Milner & Goodale, 1993) .
Others have suggested a somewhat different route to a similar reconciliation. Ellis and Tucker (1996) have argued that the representation of visual objects necessarily includes the actions associated with them. The association of action properties with visual properties grounds these representational states of the brain. Seeing an object will activate vision and action codes. The primary evidence for this view is a series of experiments that show that the sight of an object facilitates associated components of a reach-tograsp action even when the viewer has no intention of handling the object.
1 Tucker and Ellis (2001) had participants classify images of objects according to whether the object was organic (a grape) or manufactured (a screw). These objects were commonly handled with either a precision grip (as with the screw) or with a power grip (e.g., a hammer). Participants signaled their decision on a response device by making a precision grip between the index finger and the thumb or by making a power grip between the surface of the palm and the fingers. Despite there being no possibility of handling the depicted object, participants were faster and more accurate whenever the response grip was object compatible, rather than incompatible. Similar object-to-action compatibility effects that have been observed for other components of a reach-to-grasp action include object-compatible rotations of the wrist and objectcompatible left-or right-hand responses (Ellis & Tucker, 2000; Tucker & Ellis, 1998) . Such potentiated elements of an action have been referred to as microaffordance (e.g., Ellis & Tucker, 2000) , and they are assumed to arise from the conjoining of visual responses and action-related responses during species and individual adaptation to a behavioral niche.
Microaffordance effects appear to be the property of a representational system, as opposed to merely reflecting (online) visuomotor coordination in the dorsal visual system. This conclusion is suggested by a series of experiments (Derbyshire, Ellis, & Tucker, 2006 ) that show microaffordance effects in the case of (offline) remembered objects. In one study, participants were presented briefly with a 2 ϫ 2 array of objects and after a delay were given a spatial cue indicating which one of the four previously seen objects to classify as organic or manufactured. As with seen objects, responding with a grip that was appropriate for handling the recalled object resulted in faster and more accurate performance compared with inappropriate grips.
If seen, or currently represented objects, potentiate associated actions regardless of intent, then how does a single object get selected as the basis for a goal-related action (Allport, 1987; Castiello, 1996 Castiello, , 1999 ? How do the actions on a goal-relevant object escape the competition from irrelevant objects and the actions that they afford? It seems necessary to posit some form of inhibition of the latter. Inhibition of the visual properties of an ignored, nontarget object (henceforth referred to as the distractor object) is well-established and is illustrated by the negative priming effect (Tipper, 1985) . For instance, ignoring a red distractor letter in order to respond to a green target letter will lead to a decrement in performance whenever the distractor appears as a target in the next trial. This is taken to imply that at the time of presentation, the visual properties of the distractor stimulus are actively inhibited in order to prevent interference with the response to the target. If our claim regarding the role of action in object representation is valid, then it is to be expected that action properties should behave like visual properties.
Certainly, actions on goal objects have been shown to be affected by distractor objects. For example, when participants had to select and reach to a target (cued by color) from an array of potential targets, the reach was affected by action-related properties of the distractor objects (Meegan & Tipper, 1999; Tipper, Howard, & Jackson, 1997; Tipper, Lortie, & Baylis, 1992) . These distractor effects depend on the action properties of the distractor stimuli. Distractors produced most interference when they were close to (rather than distant from) the reaching hand. Same-side distractors were more potent than distractors on the opposite side to the reaching hand. But perhaps the most compelling result occurred when the possibility of acting on the distractor was blocked (by its being enclosed behind a transparent obstacle); in this situation, interference was reduced. Pavese and Buxbaum (2002) , in an elaboration of this reaching paradigm, confirmed that the action properties of distractors determine the degree of interference with a reach to a graspable object. Thus, a right-hand reach-to-grasp to a target mug received most interference when the handle of a distractor mug pointed to the right (and therefore afforded a right-hand reachto-grasp). Less interference of this right-hand action was observed when the handle of the distractor mug pointed to the left.
The reaches of a utilization patient also were strongly affected by a distractor object within the reach trajectory Riddoch, Humphreys, & Edwards, 2000) . A jug, for example, that stood in the path of a left-or right-hand reach to a target cup appeared to act as a "blocking" distractor. Thus, the utilization patient would, on occasion, grasp the target cup with an inappropriate hand, perhaps using her left hand to pick up a cup whose handle pointed to the right. This was said to occur because the distractor object had been inhibited, along with the hand on whose trajectory it laid, thus allowing the "wrong" hand to be activated beyond threshold, thereby producing an error.
The possibility that distractor objects must be inhibited if a goal-directed reach is to be successful is consistent with the idea that actions are an intrinsic part of object representation. The inhibition of distractors necessarily involves the inhibition of their associated actions, and if these actions share some parameters with those needed to act on the goal object (such as the particular hand to be used), then decrements in performance should be observed. The implication is that the action possibilities associated with distractors affect actual actions on a goal object (e.g., an actual reach in a cluttered space). The experiments that follow here pursue the idea that such interference effects arise from having to select from competing object representations, irrespective of whether a reach is intended. It is not simply that reaching trajectories are adjusted to accommodate near distractor objects (with more potent distractors producing more interference). Rather, representations of distractor objects must be inhibited in order to select a goal object, and this inhibition necessarily includes action properties. Action inhibition is therefore a consequence of object selection.
Experiment 1
This experiment was an initial test of the idea that, even without an intention to reach toward or interact with a target object, ignoring a distractor object requires the inhibition of its associated actions. Accordingly, two objects were presented (a target that was cued by its color and a distractor), and any effects of the distractor on the response to the target were assessed. Five aspects of the dual-object stimuli used should be clarified. (a) Both target and distractor were compatible with either a power grip or a precision grip by virtue of their size, and all combinations of the two sorts of target and distractor were included in the study. (b) Both objects also could be classified by a simple geometric property (curved or straight), and this property was the basis of the response to the target. The target and distractor always differed on this dimension, thus ensuring that selection was necessary. (c) The response to the target was either a precision or power grip, which therefore could be compatible or not with the size of the target and distractor. This arrangement allowed an assessment of objectto-action compatibility effects of the distractor and the target (on the responses to the target). (d) In order to assess whether distractor effects were sensitive to target-distractor proximity, we varied the spatial relations between target and distractor. This included cases in which the distractor occluded the target, the target occluded the distractor, or no occlusion occurred. A reasonable expectation would be, for example, that distractors that occlude targets would elicit greater inhibition than those that did not. (e) In order to assess the possibility that distractor effects might require sufficient time to attend to the distractor object, we presented the cue for the target either simultaneously with stimulus presentation or it was delayed. It may be supposed that in the delay condition, in which both objects are potential targets, the actual distractor would receive more attention compared with the case in which it could be rejected on presentation as a target.
If the actions associated with the distractor are inhibited in order to efficiently select the target, then responses to the target should be affected by this inhibition. In particular, responses to the target should be slower and less accurate whenever they are compatible with the distractor object (because that same action code has been inhibited). Such a finding should reveal itself in the response data as an interaction between grip response (power or precision) and object compatibility (power or precision). More specifically, this interaction should resemble a standard positive compatibility effect for cases of target object compatibility (thus reproducing the microaffordance effects described for single target objects in the introduction), and a mirror-image negative compatibility effect for cases of distractor object compatibility. This pattern of data will be regarded as the prime evidence for inhibition of the actions associated with the distractor. Whether this interaction is influenced by the spatial separation between the objects or by the cue delay will provide additional information about the circumstances in which action inhibition occurs.
Method
Participants. Twenty participants took part in the experiment. All were students at the University of Plymouth and received £3.00 ($5.90) for their participation. All of the participants were righthanded and naive to the purpose of the study.
Apparatus and materials. The stimuli in this and all subsequent experiments were presented on a 19-in. Mitsubishi Diamondtron monitor at 100 Hz viewed from a distance of approximately 40 cm. A response device had two components. The first was an aluminum cylinder, 8 cm tall and 2 cm in diameter. Attached to the side of the cylinder was a small section of aluminum tubing. It was hinged to the top of the cylinder and attached to a pressure switch at the base of the cylinder. It thus acted as a lever that caused the pressure switch to trigger when the hand squeezed the cylinder. The second component consisted of a pressure switch 1 cm square and 4 mm thick that was taped to the inside tip of the participant's thumb. Participants held the device in their right hand, grasping the pressure switch between their thumb and forefinger, and the cylinder between the surface of the palm and the remaining three fingers, thus mimicking power and precision grips.
2 This two-component response device is illustrated in Figure 1 .
The stimuli consisted of images of abstract three-dimensional forms displayed against a realistic three-dimensional background. Each image contained two such objects drawn from a set of four: a small sphere and a small cube (both ϳ2.5°ϫ 2.5°), and a larger rectangular block and a larger cylinder (both ϳ17°high ϫ 6.5°w ide). Examples are shown in Figure 2 . The basic color of each object was yellowish brown and resembled a wood grain. The small objects were sized to be compatible with a precision grip, and the larger objects were sized to be compatible with a power grip. One of the two objects was identified (either immediately or after a delay of 400 ms) as the target by virtue of its color (the wood grain was tinted a blue color). Eight 2-object spatial configurations were used within which either position could contain the target. Because each object could only be accompanied by another object from a different shape category, there were eight possible combinations of target and distractor objects. One object always was located centrally accompanied by one other object in one of eight "satellite" positions: four in front and four behind the central object. As an example, there were 16 possible scenes in which the small sphere was the target accompanied by the small square as distractor-8 in which it occupied the central position and 8 in which the distractor occupied the central position. This produced a total of 128 individual scenes that could be broken down into four basic spatial target-to-distractor relationships: (a) a foreground target partially occluded a background distractor, (b) a foreground distractor partially occluded a background target, (c) a foreground target with an unoccluded background distractor, and (d) a foreground distractor with an unoccluded background target. Because of the differing sizes of the objects, they were positioned according to the following rules: One object always occupied the central location. For the four unoccluded conditions, the separation between the closest edges of the objects was approximately 1°. For the occluded conditions, exactly half of the horizontal extent of the occluded object remained visible behind the foreground object, except in the cases in which a small object occluded a large object. Here, exactly half of the foreground small object overlapped the background object. A schematic of the spatial configurations for Figure 1 . The response device used in all four experiments. It was held in the right hand, with the precision switch gripped between the thumb and the index finger, and the power switch held between the palm and the other three fingers. two small objects is illustrated in the bottom panel of Figure 2 , and an example stimulus from the condition in which a large central object occluded a small background object is given in the righthand side of Figure 2 .
Procedure. The participants were required to select the target object (the blue-tinted object) from the two-object scene and to make a precision response if it was curved (sphere or cylinder) or a power response if it was straight (cube or block). Twenty practice trials were followed by 512 experimental trials in which each of the 128 individual scenes were displayed twice within two blocks. Trial orders were randomized within each block. At the half-way point, a message appeared on the screen instructing participants to take a short break before continuing with the second block by pressing the space bar. In half of all trials, the target appeared tinted blue, whereas in the remainder of the trials, it changed to tinted blue 400 ms after presentation. A single trial consisted of the presentation of the empty background (a depiction of a green table) for 500 ms. The background scene was then replaced, either directly with the scene depicting the distractor and color-tinted target or first by the scene containing both objects untinted and then 400 ms later by the scene with the color-tinted target. All image transitions were synchronized with the monitor's vertical retrace. The two objects remained in view until a response was made or 2 s elapsed, after which a slightly dimmed (-20%) version of the empty background was displayed for the 2.5-s intertrial interval, allowing the start of the next trial to be signaled by the brightening of the background scene. In this and all subsequent experiments, error responses were followed by a short beep from the computer and were not replaced.
Results
Response times. For all participants, we computed condition means after discarding error responses and reaction times (RTs) more than two standard deviations from their overall mean. The data were subjected to a repeated measures analysis of variance (ANOVA), with the factors target size (large or small), distractor size (large or small), response (precision or power grip), cue delay (0 ms or 400 ms), and spatial configuration of the target and distractor objects (the four spatial relations described above).
Main effects. There were significant main effects of target size, distractor size, response, spatial configuration, and cue delay. The large power-compatible target objects were responded to faster (M ϭ 522 ms) than the small precision-compatible targets (M ϭ 532 ms), F(1, 19) ϭ 7.3, p ϭ .014. The large distractor objects, however, were associated with longer response latencies (535 ms) than small distractor objects (520 ms), F(1, 19) ϭ 33.0, p Ͻ .001. Precision grip responses were faster than power grip responses (521 ms and 534 ms, respectively), F(1, 19) ϭ 10.0, p ϭ .005. Trials in which the cue was delayed were faster than trials in which objects and cue were presented simultaneously (475 ms and 579 ms, respectively), F(1, 19) ϭ 220, p Ͻ .001. The effect of spatial configuration, F(3, 57) ϭ 9.6, p Ͻ .001, had the consequence that the fastest responses were made to stimuli in which the target object occluded the distractor (M ϭ 519 ms), and the slowest responses were made when the distractor occluded the target (M ϭ 536 ms), with the nonoccluding cases being somewhere between these two (528 ms with the target in the foreground and 525 ms with the target in the background).
Two-way interactions. Both interactions of prime theoretical interest were significant. A highly significant Response ϫ Target Size effect was observed, F(1, 19) ϭ 26.4, p Ͻ .001, with faster responses to compatible targets (i.e., precision response to a small target or power response to a large target) compared with incompatible targets. The Response ϫ Distractor Size effect, F(1, 19) ϭ 24.5, p Ͻ .001, was very different. Power responses in the presence of a large power-compatible distractor were slower than with a small distractor. Latencies for precision responses were effectively the same for the two types of distractor, despite power- compatible distractors tending to result in slower responses overall, a main effect that would act against relatively speeded precision grip responses in the presence of a large (power grip) compatible distractor. These data suggest that distractors produce a negative compatibility effect-compatible distractors tending to slow responses to the target compared with incompatible distractors. The contrast between these two interactions is illustrated in Figure 3 .
There were three further significant two-way interactions (summarized in Table 1 ) all involving the distractor. Each of these may be interpreted as a disproportionately disruptive effect of the large distractors in certain conditions. Target size interacted with distractor size, F(1, 19) ϭ 19.5, p Ͻ .001, indicating that greater interference was caused by large distractors in the presence of small targets compared with the other three cases. A significant interaction between distractor size and spatial configuration, F(3, 57) ϭ 9.98, p Ͻ .001, is also best understood as the disproportionate interference effect of the large distractors whenever they occluded a target object. Finally, there was a significant interaction of distractor size with cue delay, F(1, 19) ϭ 13.7, p ϭ .002. Once again, this finding reflects the disproportionately disruptive effect of large distractors when the response cue appears simultaneously with the objects.
None of the other two-way interactions approached significance. Higher order interactions. There was a significant effect of Distractor Size ϫ Response ϫ Cue Delay, F(1, 19) ϭ 6.55, p ϭ .019. This interaction is revealed in Table 2 and suggests that the negative compatibility effect is greater when the cue was delayed. In the case of power grips, the small speed advantage for a power grip in the presence of a compatible distractor with no cue delay became a small speed decrement with a 400-ms delay. None of the other higher order interactions approached significance. It seems the effects of the actions associated with the target (but see the error data) and distractor were not influenced by the relative positions of the two objects.
Error Rates
A similar ANOVA was carried out on the error data and yielded a largely similar pattern of effects.
Main effects. The main effect of distractor size was significant. Large distractors produced more errors than small precisiongrip-compatible distractors (3.7% and 2.9%, respectively), F(1, 19) ϭ 7.44, p ϭ .013. The effect of spatial configuration neared significance, F(3, 57) ϭ 2.62, p ϭ .059. Unoccluded background target objects produced the fewest errors (2.6%), whereas unoccluded foreground targets produced the most (3.9%). The error rates for displays with occluded stimuli were 3.1% when the target occluded the distractor and 3.5% when the distractor occluded the target. There were no other significant main effects in the error data.
Two-way interactions. The two interactions of prime interest mirrored those observed in the response latency data. A significant Target Size ϫ Response effect was observed, F(1, 19) ϭ 32.3, p Ͻ .001, with fewer errors made to compatible targets compared with incompatible targets. The Response ϫ Distractor Size effect, F(1, 19) ϭ 27.9, p Ͻ .001, was the converse, with more errors made in the presence of response-compatible distractors compared with response-incompatible ones. These two interactions are illustrated in Figure 4 .
The three further significant two-way interactions also mirrored those observed in the RT data. That is, an interaction of Target Size ϫ Distractor Size, F(1, 19) ϭ 19.9, p Ͻ .001, is best understood as the greater distraction caused by the larger powercompatible objects in the presence of smaller precision-compatible objects compared with the other three cases. A Distractor Size ϫ Spatial Configuration interaction, F(3, 57) ϭ 3.10, p ϭ .034, again is best understood as the disproportionate interference effect of large distractors whenever they occluded a target object. Finally, there was an interaction of Distractor Size ϫ Cue Delay, F(1, 19) ϭ 518, p ϭ .035. Once again, this finding reflects the disproportionately disruptive effect of larger distractors whenever the response cue appears simultaneously with the objects. These data are summarized in Table 1 , alongside the RT effects. There were no other significant two-way interactions in the error data.
Higher order interactions. The three-way interaction of Target Size ϫ Distractor Size ϫ Cue Delay was significant in the error data, F(1, 19) ϭ 7.49, p ϭ .013. This finding appears to reflect a disproportional decrease in errors associated with the combination of a large target and a large distractor in the 400-ms delay condition, such that only in this case does the large distractor produce fewer errors than the small distractor. These data are illustrated in Table 3 .
The interaction of Response ϫ Target Size ϫ Spatial Configuration approached significance, F(3, 57) ϭ 2.59, p ϭ .062, and is illustrated in Table 4 . This finding appears to result from a larger compatibility effect for an unoccluded target appearing in the foreground compared with the other three cases, a circumstance in which we presume its potency would be greatest. The Distractor Size ϫ Response ϫ Spatial Configuration interaction was not significant, F(3, 57) ϭ 0.99, p ϭ .40. There were no other significant higher order interactions.
Discussion
The target compatibility effect between grip response and object compatibility replicated effects previously cited as evidence for microaffordance (e.g., Tucker & Ellis, 2001 ). In those cases, a major source of affordance may have been semantic, because the stimuli were images of common objects that the participants knew how to interact with (e.g., hammers and grapes). Given the abstract nature of the objects used in this current study, however, the source of affordance was more likely to have been the objects' visual and spatial properties.
The primary aim of this experiment, however, was to observe the effect of the distractor object on responses to the target object. Performance, as measured by RT and error rate, was strongly affected by the action properties of the distractor object. Responding to a target with a grip type that was compatible with the action properties of the distractor object produced a decrement in performance relative to the incompatible cases. This outcome is consis- tent with the idea that selecting an object to act upon (i.e., selecting the target) requires inhibition of the actions associated with the nonselected objects (i.e., distractors). This first experiment demonstrates that inhibition can occur despite there being no requirement to reach to a target and therefore avoid distractors in a cluttered three-dimensional space. Moreover, the negative compatibility effect was not influenced by spatial configuration-it was observed regardless of whether the distractor was directly in front of the target (and therefore an obstacle). This effect does not therefore appear to have arisen from physical spatial clutter but rather from representational clutter. Selecting one object from another seems to require action inhibition, even though there is no intention of actually handling the target. By our account, inhibiting a distractor object entails inhibiting associated actions precisely because those actions are intrinsic to the object's representation. The additional observation that cue delay influenced the distractor's negative compatibility effect is also consistent with this representational account: The longer delay might be expected to increase the likelihood of the distractor being represented and therefore to increase the need for its inhibition. The effect of the distractors in Experiment 1 was not only determined by the distractors' affordance properties. The distractors also produced a general interference that behaved rather like distractors in a classic flanker task (e.g., Eriksen & Eriksen, 1974) . That is, their proximity to the target influenced performance (there was a main effect of spatial configuration) irrespective of their affordance. In a typical flanker procedure, a target is classified into one of two sets, according to some arbitrary rule. Responses are slowed in the presence of a visually close distractor (as measured by visual angle) drawn from the same stimuli set as the target, and the disruption is increased if the target and distractor belong to different response sets. The distractor effect decreases as visual separation is increased. The interesting contrast found in Experiment 1 between the absence of an effect of spatial configuration on the action compatibility effect and its influence on the flanker-style distractor effect is pursued further in Experiment 2, which assesses the merits of a location-and objectbased account of affordance effects.
Experiment 2
Our claim that the distractor effects observed in Experiment 1 arose from having to select among representations of objects is to claim that they were object-based effects. In Experiment 2, we pursued this possibility further in a procedure that attempted to distinguish between object-and location-based effects.
Until recently, the dominant view of visual attention treated it as being an essentially spatial resource. The so-called spotlight of attention could be moved around in space, such that cuing a location facilitated a subsequent target that appeared in that same location and slowed one appearing elsewhere (Posner, Snyder, & Davidson, 1980) . A region illuminated by the spotlight might include several objects, with those at its center receiving more attentional resources than those at some distance (Eriksen & Eriksen, 1974) . In contrast, there also is evidence for object-based attention (see Scholl, 2001 , for a review). Duncan (1980 Duncan ( , 1984 demonstrated, in displays in which two objects were superimposed, that reporting two properties from a single object was easier than reporting two from different objects, despite the spatial separation of the features being similar. Attention also has been shown to spread within an object rather than within a spatial neighborhood. So, for instance, cuing a location on an object in a two-object display leads to better performance, in the invalid cue trials, on a location on the same object compared with a location on a different one at an equal distance from the cue (Behrmann, Zemel, & Mozer, 1998; Egly, Driver, & Rafal, 1994) .
In Experiment 1, the target and distractor objects were close to each other, in some cases to the point of occlusion. In these circumstances, if one regards attention as a spatial resource, attending to the target would entail some attentional resources being applied to the distractor. In Experiment 2, we examined the effects of varying the spatial separation of target and distractor. In particular, we asked whether distant distractors do not require the inhibition of their afforded actions because they do not compete for the resources of spatial attention with the target.
Method
Apparatus and materials. The apparatus was identical to that described for Experiment 1, and the stimuli differed only in terms of the spatial configuration of the target and distractor objects. Stimulus pairs could be arranged in four ways: (a) the objects were widely separated with a foreground target and background distractor (an inside-edge to inside-edge distance of ϳ21°), (b) both objects were in the foreground and widely separated (a distance of ϳ23°, the increase arising from the depth perspective), (c) the same as (a) but with a foreground distractor and a background target, and (d) both objects were close together in the foreground (a distance of ϳ1.5°). Within each of these spatial arrangements, the target could be located on the left or the right. Examples of these arrangements are illustrated in Figure 5 . The 4 spatial configurations ϫ 8 possible object pair combinations ϫ 2 possible left-right target locations produced 64 individual scenes. The 16 available scenes for each spatial configuration were repeated 4 times for each of the 3 widely separated arrangements and 8 times for the near arrangement, giving a total of 320 trials. These were presented in a completely randomized order.
Procedure. The procedure was identical to Experiment 1, except there was no delay condition, as the target object was already colored blue at the time of presentation. A screen message appeared after the first 160 trials, allowing participants to take a short break before commencing the second half of the experiment.
Results
Response times. For all participants, condition means were computed after discarding error responses and RTs more than two standard deviations from their overall means. The data were subjected to a mixed ANOVA, with within-participants factors of target size (large or small), distractor size (large or small), re- sponse (precision or power grip), and spatial configuration (the four target-distractor configurations described in the preceding section). The mapping of response to the target's straight or curved shape was manipulated among participants. Main effects. The only significant main effect was that of response mapping, F(1, 18) ϭ 8.36, p ϭ .01, with the curved 3 precision-straight 3 power mapping producing faster responses (M ϭ 599 ms) than the converse mapping (M ϭ 735 ms). None of the other main effects approached significance.
Two-way interactions. Both the theoretically important interactions of Target Size ϫ Response and Distractor Size ϫ Response were significant. These effects are illustrated in Figure 6 . In the case of the target object, the object-to-action compatibility effect was observed, F(1, 18) ϭ 13.7, p ϭ .002, with faster responses to size-compatible targets compared with incompatible targets. Once again, the influence of distractors on responses, F(1, 18) ϭ 7.19, p ϭ .015, was the converse of the influence of the target objects, with slower responses in the presence of actioncompatible distractors compared with incompatible ones. None of the other two-way interactions were significant.
Higher order interactions. The absence of a three-way interaction among response, distractor size, and spatial configuration, F(3, 54) ϭ 0.53, p ϭ .67, answers the main question posed by Experiment 2. Distant distractors also produced a negative compatibility effect. Indeed, there was a trend for the RT advantage for incompatible distractors to be larger for farther distractors (17 ms) than near ones (8 ms). These data clearly suggest that the negative compatibility effect does not depend on the distractor being within an attentional spotlight focused on the target.
The only higher order effect reaching significance was the five-way interaction involving all of the experimental factors, F(3, 54) ϭ 3.14, p ϭ .032, which we do not attempt to interpret.
Error Rates
A similar ANOVA was carried out on the error data. Main effects. None of the main effects were significant, although the effect of target size approached it, F(1, 18) ϭ 3.80, p ϭ .067, with fewer errors (M ϭ 2.9%) with the smaller precisioncompatible targets than with the larger targets (M ϭ 3.8%).
Two-way interactions. The two interactions of prime concern were congruent with those found in the latency data. There was a significant interaction of Target Size ϫ Response, F(1, 18) ϭ 28.01, p Ͻ .001, with fewer errors in the compatible trials. The interaction of distractor size with response was not significant, F(1, 18) ϭ 2.56, p ϭ .13, but the trend was for there to be more errors for the compatible trials than the incompatible ones. These two interactions are shown in Figure 7 .
The only other two-way interaction reaching significance in the error data is the interaction of Response Mapping ϫ Target Size, F(1, 18) ϭ 16.24, p ϭ .001. The curved 3 precision gripstraight 3 power grip mapping resulted in more errors classifying large targets than small targets (5.2% compared with 2.5%), whereas in the converse mapping, more errors were made to small targets than to large ones (3.4% compared with 2.5%).
Higher order interactions. None of the higher order interactions were significant.
Discussion
The flanker-style interference effect was not observed in Experiment 2; performance was not affected by the degree of proximity of the distractor object to the target. We return to this issue more fully in the General Discussion. In the interim, however, it is sufficient to note that distractor objects do appear to require inhibition of their associated actions even when located at some distance from the target. Three possible reasons for this occur to us. First, perhaps any object appearing in the visual field, attended or not, elicits a motor response that must be suppressed in order to respond to a goal object. Second, maybe participants attended to all possible target locations simultaneously, that is, they used a wide-beamed spotlight of attention. Third, it could be that microaffordance effects, and the consequent need to inhibit the actions associated with distractor objects, are a product of object-based attention. Attending to the distractor object in order to recognize it as such is perhaps sufficient to evoke motor responses, which must therefore be suppressed in order to attend to the target. Experiment 3 aimed to test these possibilities.
Experiment 3
In Experiment 3, the target always appeared at a fixed central location, so selection between objects was completely unnecessary. All participants needed to do was respond to the centrally placed object that fell into their fixated line of sight. By implication, because participants had absolutely no need to, we assumed that they did not process the distractor object in great detail (or for that matter, attend to it fully in an object-based manner). On the basis of this assumption, in Experiment 3 therefore we tested whether inhibition of a distractor object's associated action properties requires object-based attention. Finding that the presumably unattended distractor object did nevertheless exhibit a negative compatibility effect (as observed in the previous two experiments) would stand as evidence against this potential requirement for object-based attention. Rather, it would appear to support the possibility that the action properties of all objects falling within the viewer's visual field-attended or not-get inhibited when a goal object is selected for action. 
Method
Participants. Forty participants took part in the experiment. All were students at the University of Plymouth and received £3.00 ($5.90) for their participation. All of the participants were righthanded and naive to the purpose of the study.
Apparatus and materials. The apparatus was identical to that described for the previous experiments. The stimuli consisted of similar displays to those of the previous experiments, except both target and distractor objects were the same (light brown) color and were positioned equidistant in depth from the viewer (equivalent to the foreground distance of Experiment 2). The target object always was located centrally accompanied by a distractor to the left or right. The distractor was either near the target (an inside-edge to inside-edge separation of ϳ1.5°) or occupied a peripheral position to the left or right of the target (an inside-edge to inside-edge separation of ϳ14°). The background table now included a line marking its center in order to provide a location cue for the forthcoming target object, which was explicitly defined as the centrally located object. An example stimulus, with a near distractor, is shown in Figure 8 . The eight possible target-distractor pairs were presented 10 times for each distance by left-right distractor position combination, giving 320 trials in total. The order of trials was completely randomized.
Procedure. The procedure was identical to Experiment 2, except that participants were told to make their responses on the basis of the curved or straight shape of the centrally placed object. Participants could take a short break halfway through the experiment.
Results
Response times. For all participants, condition means were computed after discarding error responses and RTs more than two standard deviations from their overall means. The data were subjected to a mixed ANOVA, with within-participants factors of target size (large or small), distractor size (large or small), response (precision or power), and distance of the distractor from the target (near or far). Mapping of response to target shape (curved or straight) was manipulated among participants. Main effects. All four within-participants main effects were significant. Precision responses (M ϭ 551) were faster than power responses (M ϭ 570), F(1, 38) ϭ 15.2, p Ͻ .001. Small targets were responded to faster than large targets (554 ms and 567 ms, respectively), F(1, 38) ϭ 15.36, p Ͻ .001. Small distractors were associated with faster responses than large distractors (555 ms and 566 ms, respectively), F(1, 38) ϭ 7.34, p ϭ .01. Near distractors slowed responses compared with far distractors (569 ms and 552 ms, respectively), F(1, 38) ϭ 34.9, p Ͻ .001. There was no significant difference in overall performance between the two response mappings, F(1, 38) ϭ 2.0, p ϭ .17.
Two-way interactions. The Target Size ϫ Response interaction was highly significant, with responses compatible with the target's size on average 26 ms faster than incompatible responses, F(1, 38) ϭ 56.5, p Ͻ .001. Unlike in the two previous experiments, however, there was no evidence of a negative compatibility effect from the distractor-the interaction of distractor size with response did not approach significance, F(1, 38) ϭ 0.003, p ϭ .96. These two interactions are shown in Figure 9 .
Two of the other two-way interactions were significant. Response interacted with mapping, F(1, 38) ϭ 5.73, p ϭ .022, such that precision responses were 32 ms faster than power responses in the curved 3 precision-straight 3 power mapping but only 8 ms in the converse mapping. The distance between the two objects interacted with the size of the distractor, F(1, 38) ϭ 4.56, p ϭ .039. Both sizes of distractor slowed responses more when near the target, but this difference was more pronounced for large distractors (23 ms) than for small distractors (11 ms).
Higher order interactions. An interaction among mapping, response, and target size indicated a larger Target Size ϫ Response effect in one of the response mappings (curved 3 precisionstraight 3 power) compared with the other, F(1, 38) ϭ 24.4, p Ͻ .001. Table 5 is a summary of these data. No other higher order interactions were significant. The distance of the distractor from the target did not significantly influence the interaction of target size with response, F(1, 38) ϭ 1.15, p ϭ .29, or the interaction of distractor size with response, F(1, 38) ϭ 0.01, p ϭ .95.
Error Rates
A similar ANOVA was carried out on the error data. Main effects. The only significant main effect was the type of response, F(1, 38) ϭ 11.1, p ϭ .002, with fewer errors with precision responses (M ϭ 5.1%) than power responses (M ϭ 7.3%).
Two-way interactions. The interaction of response with target size, F(1, 38) ϭ 36.5, p Ͻ .001, mirrored the pattern in the response latencies. Compatible responses produced on average fewer errors (M ϭ 4.3%) than incompatible responses (M ϭ 8.1%). In contrast with the response latency data, however, there was a near significant interaction of response with distractor size, F(1, 38) ϭ 3.90, p ϭ .056, suggesting a weak negative compatibility effect in errors. Precision responses were slightly more accurate in the presence of a large distractor (M ϭ 4.9%) than a small distractor (M ϭ 5.3%), whereas power responses were slightly more accurate in the presence of a small distractor (M ϭ 6.7%) compared with a large distractor (M ϭ 7.9%). These data also are illustrated in Figure 9 .
There were two further significant two-way interactions. An interaction of target size with distractor size, F(1, 38) ϭ 18.2, p Ͻ .001, indicated that fewer errors were made when a small target was paired with a small distractor (M ϭ 7.1%) than when paired with a large distractor (M ϭ 4.9%). Large targets showed the opposite pattern, with fewer errors made with large distractors (M ϭ 5.6%) than with small distractors (M ϭ 7.1%). In other words, errors were reduced when the target and distractor were the same size. Distractor size also interacted with the response mapping, F(1, 38) ϭ 8.01, p ϭ .007. In the curved 3 precisionstraight 3 power mapping, fewer errors were made with small targets compared with large ones. The opposite pattern was observed in the other mapping. These data are summarized in Table 6 .
Higher order interactions. There were three significant threeway interactions, all of which involved the response mapping. The Response ϫ Target Size effect differed in the two mappings, F(1, 38) ϭ 4.78, p ϭ .035. Error rates were on average 5.2 percentage points lower on compatible trials in the curved 3 precisionstraight 3 power mapping but only 2.4 percentage points lower on compatible trials in the opposite mapping. The Response ϫ Distractor Size effect was also affected by mapping, F(1, 38) ϭ 5.30, p ϭ .027. In this case, the negative compatibility effect was confined to the curved 3 precision-straight 3 power mapping where incompatible trials resulted in error rates 1.8 percentage points lower than compatible ones. In the opposite mapping, there was a negligible (0.13 percentage point) accuracy advantage for Figure 8 . Examples of the stimuli used in Experiment 3. The target object was always centrally located along the line of bisection, which was a clearly visible thin dark line against the green table but is shown highlighted in light gray here. compatible trials. The Target Size ϫ Distractor Size effect was also modified by mapping, F(1, 38) ϭ 6.51, p ϭ .026. Same-sized targets and distractors resulted in a 2.9 percentage point reduction in errors in the curved 3 precision-straight 3 power mapping but only a 0.6 percentage point reduction in the opposite mapping. These data are summarized in Table 7 . There were no other significant interactions in the error data.
Discussion
Experiment 3 suggested that certainty about target location eliminates the need to inhibit the actions associated with other objects in the visual field. In this case, the actions associated with the distractor did not produce the negative compatibility effect on response latencies to the target object observed in the first two experiments. We presume that participants adopted a locationbased search and were therefore far less likely than they would have been in the first two experiments to process the distractor objects. In this case, there would be no representational clutter to deal with and so no active inhibition of distractor objects. The error data showed a near-significant interaction of distractor compatibility and grip response that appeared to be largely accounted for by a relatively high error rate when responding with a power grip in the presence of a large power-grip-compatible distractor. We suggest that on some occasions, the onset of a larger distractor object captured attention and therefore determined the response for that trial.
The absence of any effect of action compatibility on the response latencies was compared with a marked general flankerstyle distractor effect. That is, both the size and distance of the distractor object affected responses to the target. Near distractors slowed responses compared with far distractors, and large distractors slowed responses compared with small distractors.
A number of studies have investigated the effects of distractors on actual reaches to a target object at a fixed location (Jackson, Jackson, & Rosicky, 1995; Kritikos, Bennett, Dunai, & Castiello, 2000; Mon-Williams & McIntosh, 2000; Mon-Williams, Tresilian, Coppard, & Garson, 2001; Tresilian, 1998) . Effects of the distractors consistently have been found on movement parameters, such as speed, acceleration, deceleration, and maximum grip aperture. The reasons for these effects have been debated (e.g., Castiello, 1999; Tresilian, 1999) , with some arguing that they reflect obstacle avoidance. That is, when one reaches into cluttered spaces, there is a tendency to move the hand slower with a smaller grip aperture so as to avoid colliding with obstacles. Others have argued that they are the consequences of selecting among competing objects. It seems significant to us that the effects most plausibly attributed to the need to filter out the action properties associated with distractors are found in those experiments in which the location of the target was not fixed but cued by an object property (e.g., see Meegan & Tipper, 1999; Tipper, Howard, & Jackson, 1997) . Certainly, the discrepant findings between the first two experiments and the third experiment reported here seem to fit this distinction. When one searches for a target among distractors (all of which are potential targets), the action properties of the distractors will be inhibited and affect the reach to the target, in addition to parameter adjustments needed to avoid collisions. When no search is required, with a target at a fixed location, distractor effects will consist of only those needed for obstacle avoidance. We suggest that the data from Experiment 3 are open to two accounts. First, the known location of the target provoked an allocation of spatial attention to a small portion of the visual field, and anything falling outside of that region did not evoke the inhibitory coding of an object's action properties. Second, coding of an object's action properties only was associated with attended objects (as opposed to locations), and knowing the location of a target object eliminated the need to apply object-level attentional resources to the distractor object. We argue in favor of this second account in the General Discussion.
The fourth and final experiment assessed the validity of an account of the negative compatibility effect that does not involve inhibition of the actions associated with the distractor object.
Experiment 4
An alternative, noninhibitory account of the distractor effects reported in Experiments 1 and 2 concerns the possibility that participants checked their response selection in relation to the distractor object.
3 Under this scenario, participants first select the target object (by its color) and select their response accordingly (by classifying the object's shape). In addition, however, they also are aware-perhaps only superficially-of the size of the distractor (and by implication, the grip that it affords). If the grip afforded by the distractor (e.g., precision) is the same grip that is required for responding to the target object (e.g., precision), then participants may feel uncertain. They may go on to resolve this uncertainty by checking that their initial target selection had been correct-perhaps by switching attention explicitly to the distractor object (and even fixating on it) in order to verify its nontarget status. Such a check would produce a time cost in precisely the cases in which the actions associated with the distractor are compatible with the response to the target. What is more, this time cost would present itself as a negative compatibility effect associated with the distractor-precisely the effect found in the first two experiments.
In Experiment 4, we tested this noninhibitory account by comparing (a) trials in which the dual-object scene was presented and remained on screen for a very short duration (300 ms) with (b) trials akin to those used in the first two experiments (in which the dual-object scene remained on screen until the response was made or until 3,000 ms has transpired). If a check or review of the distractor object produced the negative compatibility effect in previous experiments, then any negative compatibility effects in this experiment might be expected to be eliminated or reduced on the shorter duration trials (which would not allow much time for checking processes).
Method
Participants. Forty participants took part in the experiment. All were students at the University of Plymouth and received £3.00 ($5.90) for their participation or received course credits. All were right-handed and naive to the purpose of the study.
Apparatus and materials. The apparatus was identical to previous experiments. The stimuli consisted of a subset of the stimuli from Experiment 2-those from the second spatial configuration in which both objects were in the foreground and widely separated. As in Experiments 1 and 2, the target was cued by its bluish color. The 8 possible target-distractor stimulus pairs ϫ 2 possible target locations gave rise to 16 individual scenes. An example stimulus is shown in Figure 10 .
Procedure. The procedure was similar to the previous experiments, except that the stimuli were displayed in two blocks of 160 trials within which the stimulus presentation times were held constant. In one block, the stimulus scene was displayed for 3,000 ms or until a response was made, after which the dimmed version of the background appeared for the intertrial interval. In the other, the stimulus scene was displayed for 300 ms, after which it was replaced by the normal brightness empty background for 2,700 ms. A response could be made during either scene and was followed by the dimmed background. Failure to respond within the 3,000-ms window also resulted in the appearance of the dimmed intertrial background scene. Within each block, each of the 16 individual scenes was displayed 10 times in a randomized order. The order of the two blocks was counterbalanced across participants. At the halfway point (i.e., after 160 trials), a message was displayed informing participants that they could take a short break and reminding them of the change in presentation times for the forthcoming block. At the start of the experiment, participants were informed of the difference between the two blocks and received 10 practice trials of each type. 
Results
Response times. For all participants, condition means were computed after discarding error responses and RTs more than two standard deviations from their overall means. The data were subjected to a mixed model ANOVA, with within-participants factors of target size (small or large), distractor size (small or large), response (precision grip or power grip), and stimulus duration (300 ms or 3,000 ms). Mapping of response to object category (curved or straight) and block order were manipulated among participants.
Main effects. There were significant effects of distractor size, type of response, and stimulus duration. Small distractor objects were associated with faster responses than large distractors (541 ms and 546 ms, respectively), F(1, 38) ϭ 4.68, p ϭ .037. Precision responses were faster than power responses (531 ms and 556 ms), F(1, 38) ϭ 32.6, p Ͻ .001. Short duration stimuli elicited faster responses than long duration stimuli (520 ms and 576 ms, respectively), F(1, 38) ϭ 27.4, p Ͻ .001.
There were no significant differences between the response mappings or the block orders.
Two-way interactions. The interactions of prime concern, Response ϫ Target Size and Response ϫ Distractor Size, were both significant. Compatible responses to targets were faster than incompatible responses, F(1, 38) ϭ 54.3, p Ͻ .001, whereas the converse was true of the distractors, with slower responses in the presence of compatible distractors compared with incompatible ones, F(1, 38) ϭ 10.9, p ϭ .002. These two interactions are shown in Figure 11 .
Three other two-way interactions were significant (and are summarized in Table 8 ). There was a Target Size ϫ Distractor Size effect, F(1, 38) ϭ 7.98, p ϭ .008, which may be accounted for by large distractors having disproportionate interference effects on small targets. Also there was a Response Mapping ϫ Target Size effect, F(1, 38) ϭ 8.32, p ϭ .007. This latter effect reflected slower responses to large targets than to small targets in the curved 3 power-straight 3 precision mapping, whereas there was little difference between the different target sizes in the opposite mapping. A Stimulus Duration ϫ Response Mapping interaction, F(1, 38) ϭ 6.01, p ϭ .019, reflected a greater speeding of the responses in the short duration cases in the mapping of curved 3 powerstraight 3 precision compared with the converse.
Higher order interactions. Three of the third-order and higher interactions were significant. The interaction among stimulus duration, target size, and response, F(1, 38) ϭ 4.60, p ϭ .039, appears to reflect a slightly stronger compatibility effect at the shorter duration. Of note, the absence of any significant interaction among duration, response, and distractor size, F(1, 38) ϭ 0.42, p ϭ .52, indicated that the duration of stimulus presentation did not influence the negative compatibility effect of distractors.
An interaction among mapping, target size, and response indicated a greater target compatibility effect in the curved 3 power-straight 3 precision mapping than in the opposite mapping, F(1, 38) ϭ 18.01, p Ͻ .001. In addition, an interaction among mapping, distractor size, and response, F(1, 38) ϭ 6.79, p ϭ .013, indicated an enhanced negative compatibility effect in the curved 3 power-straight 3 precision mapping compared with the opposite mapping. These significant higher order interactions are summarized in Table 9 .
There were no other significant interactions.
Error Rates
A similar ANOVA was carried out on the error data. Main effects. There were significant main effects of target size, distractor size, response, and stimulus duration. Large targets produced more errors than small targets (7.8% compared with 6.7%), F(1, 38) ϭ 4.10, p ϭ .05. Conversely, large distractors produced fewer errors than small distractors (6.8% compared with 7.7%), F(1, 38) ϭ 4.52, p ϭ .04. Precision grip responses produced fewer errors than power grip responses (6.5% compared with 7.9%), F(1, 38) ϭ 7.29, p ϭ .01. More errors were made with short duration stimulus presentations than with long ones (8.8% compared with 5.6%), F(1, 38) ϭ 16.93, p Ͻ .001.
Two-way interactions. The significant interactions of Response ϫ Target Size, F(1, 38) ϭ 32.2, p Ͻ .001, and Response ϫ Distractor Size, F(1, 38) ϭ 14.6, p Ͻ .001, were consistent with the pattern in the response latencies. These interactions are illustrated in Figure 12 and reflect a compatibility effect for the targets and a negative compatibility effect for the distractors, as in the RT data. None of the other two-way interactions approached significance.
Higher order interactions. The interaction among target size, response, and duration was significant, F(1, 38) ϭ 5.84, p Ͻ .021, and, as in the latency data, reflected the more pronounced compatibility effect at the shorter stimulus duration (an average error rate advantage for compatible trials of 5.8% compared with 3.3%). Also, as in the latency data, there was no significant interaction among distractor size, response, and duration, F(1, 38) ϭ 1.63, p ϭ .21, supporting the claim that the negative compatibility effect of the distractor was not affected by the different stimulus durations used in this experiment.
In common with the RT data, an interaction among distractor size, response, and mapping, F(1, 38) ϭ 4.53, p ϭ .04, again reflected an enhanced negative compatibility effect in the curved 3 power-straight 3 precision mapping. The significant three-way interactions are presented in Table 10 .
There were also two four-way interactions for which we offer cautious explanations because they have some relevance to the main experimental results. There was a significant interaction among target size, response, duration, and mapping, F(1, 37) ϭ 4.7, p ϭ .036. The pattern of data indicates that there was a larger difference in the Target Size ϫ Response compatibility effect across stimulus durations in the curved 3 power-straight 3 precision mapping than in the other mapping. In the curved 3 power-straight 3 precision mapping, the average accuracy advantage for target-compatible responses was 7.6% at the short (300-ms) duration compared with 2.9% at the long (3,000-ms) duration. In the curved 3 precision-straight 3 power mapping, however, there was little difference in the effect across durations (a 3.8% advantage at the short duration and a 3.6% advantage at the long duration). Simple effects analysis of the Target Size ϫ Response ϫ Duration interaction for each mapping confirmed that this interaction was significant in the curved 3 precisionstraight 3 power mapping, F(1, 18) ϭ 13.0, p ϭ .002, but not in the opposite mapping, F(1, 18) ϭ 0.026, p ϭ .87. The other four-way interaction was that of Distractor Size ϫ Response ϫ Duration ϫ Mapping, F(1, 37) ϭ 5.3, p ϭ .027. The pattern of data here indicates that the difference in the negative Distractor Size ϫ Response Compatibility effect across stimulus durations was greater in the curved 3 precision-straight 3 power mapping. Thus, in this mapping, the average accuracy advantage for trials with an incompatible distractor was 3.9% at the short duration compared with 0.94% at the long duration, whereas in the opposite curved 3 power-straight 3 precision mapping, the difference was less pronounced (0.26% vs. 1.1% for the same comparison). Simple effects analysis confirmed that the interaction among distractor size, response, and stimulus duration was significant in the curved 3 precision-straight 3 power mapping, F(1, 18) ϭ 4.5, p ϭ .048, but was not significant in the opposite mapping, F(1, 18) ϭ 0.86, p ϭ .37. In summary, stimulus duration affected both the target compatibility effect and the distractor negative compatibility effect but only in one of the mapping groups (curved 3 precision-straight 3 power). Both effects were stronger at the short duration than at the long duration.
Discussion
The duration of stimulus presentation in Experiment 4 did not affect the object-to-action negative compatibility effect associated with the distractor. An account of these distractor effects (as reported in Experiments 1, 2, and now 4) that involves a (possibly explicit) strategy of reviewing the distractor object whenever its affordance matched the response required for the target object is therefore less likely. There would have been insufficient time, in the 300-ms stimulus duration, to overtly select and attend to the target and then switch attention to the distractor to confirm its status as a nontarget.
A covert review process is not so convincingly ruled out by Experiment 4. Perhaps the uncertainty over which object is the target is resolved by a covert review of memory stores (rather than visually present stimuli). But even in these circumstances, some effect of varying the stimulus duration might be expected. Perhaps, for example, under time pressure with short duration stimuli, the checking process would be more demanding or less certain resulting in longer response latencies. In fact, responses were actually significantly quicker for the short duration cases. It has to be admitted, however, that these assumptions are merely assumptions and the data do not rule out a covert review process. To do so may not be possible with the procedure reported here. We will argue in the General Discussion below that inhibition accounts (or close relatives of it) are to be preferred for reasons to do with generalization, in that it fits well with accounts of reaching to selected objects in other experimental contexts in particular and theories of visual object selection in general.
General Discussion
This section will consider the most important implications of these four experiments. First, we point out that these data extend basic observations of microaffordance effects; second, we discuss the data in relation to classic flanker distractor studies; third, we evaluate inhibitory and noninhibitory accounts of the data; and finally we return to the issues of object representation raised in the introduction.
Semantic and Visual Affordance Effects
In all four experiments, the target object produced a compatibility effect between target object and grip response. Similar microaffordance effects on grip have been observed in the case of real-world objects (Tucker & Ellis, 2001 ). In such cases, the source of affordance is in doubt. It may be visual (the size and shape of a viewed object), or semantic (knowledge about how to grasp an object given its function), or both. Tucker and Ellis (2004) showed similar microaffordance effects when participants classified named objects, thus establishing a semantic source of affordance. Because the experiments we report here used abstract stimuli that had no known function associated with them, we assume that the microaffordances were derived from visual object properties (for related affordance studies that have used abstract three-dimensional objects, see also Symes, Ellis, & Tucker, 2005; Vainio, Ellis, & Tucker, 2007) .
The Flanker Distractor Paradigm
The effects of response compatibility between a target and distractor have been investigated using the so-called flanker task. For example, Eriksen and Eriksen (1974) had participants classify target letters, cued by a fixed location, into two arbitrary sets, responding with a right-or left-hand response according to the set. Distractor letters positioned approximately 1°(visual angle) on either side of the target increased response latencies, with this detriment decreasing as the visual separation increased. The effect was greater whenever the distractor and target belonged to different response sets, compared with when they were the same. This finding is said to demonstrate that stimuli within close proximity to a target receive obligatory processing, at least to the level of the activation of an associated response.
Our four experiments were effectively variants of the flanker task. They differed, however, in that each stimulus object was not only explicitly associated with a response as the result of an arbitrary mapping rule (as is the case with standard flanker tasks), but they also were implicitly associated with a response as the result of visual affordances. The current tasks may therefore be said to have response sets that overlap at explicit and implicit levels. On the one hand, the distractor and target objects always differed at the rule-derived explicit response level (and therefore may be expected to be potent distractors given the flanker task findings). Recall that curved target objects required a precision grip response and straight target objects required a power grip response. Thus, whenever a curved target object, for example, appeared (requiring a precision grip response), the distractor was always straight (requiring a power grip response). On the other hand, the distractor and target objects could have similar or dissimilar implicit responses associated with them (their affordances). Thus, a curved sphere (target) afforded a precision grip, and a straight cube (distractor) also afforded a precision grip. Or, a curved sphere (target) afforded a precision grip, and a straight block (distractor) afforded a power grip.
It is interesting to note that our results suggest two important differences in the effects of implicit and explicit response associations. First, the effects of implicit response associations occur at visual separations greater than those reported for explicit rulebased associations. Second, similarity in implicit responses produces a decrement in performance, relative to dissimilarity. The opposite is reported in the case of explicit responses.
Inhibition of Actions in Object Selection
The finding that distractor objects produced a negative object-to-action compatibility effect is consistent with the idea that in order for one to select one object from several, the actions associated with the distractor objects get inhibited. The experiments here suggest that this inhibition is needed even when the selected object is not literally acted on. Having to choose one of two objects within a visual scene, in order to respond to a property of the selected object, led to the inhibition of the actions associated with the distractor object. It is even possible that action suppression is a requirement of object selection, prior to the execution of an action. We suggest that this is a consequence of action properties being intrinsic to the representation of an object; the suppression of one represented object in order to respond to another necessarily involves suppressing action properties.
Recent studies of negative priming, using a reaching paradigm, have tended to support an inhibitory mechanism for actions in visual attention. Tipper, Meegan, and Howard (2002) , for example, demonstrated what they described as an action-centered negative priming effect. Participants reached to a location cued by color while ignoring adjacent locations. Reaching to a location that had been ignored on a previous trial produced decrements in performance, but this negative priming effect was affected by the relative complexity of the actions afforded by the target and distractor items. If the ignored location required a relatively complex action relative to the reach to the target, negative priming was not observed. The authors argued that this finding demonstrates inhibition of the actions associated with an ignored location, with the need for inhibition being the greater for distractors that had relatively simple-and therefore rapidly evoked-actions associated with them.
There is an alternative to the inhibition account, however. Hommel, Müsseler, Aschersleben, and Prinz (2001) also have argued for a common representation for actions and visual properties, and their theory of event coding predicts just such a negative compatibility effect and appears to be consistent with the negative priming data. According to the theory of event coding, action and visual properties are bound together in event files (an action-based extension of Kahneman & Treisman's, 1984 , notion of object files). It is assumed that the binding of an action within one event file will, in effect, deny it temporarily for binding with the properties of an object belonging to another event. With respect to our Experiments 1, 2, and 4, we may therefore suppose that when the action properties of the distractor object were compatible with the action properties of the response required for the target, a process of decoupling or rebinding may have been necessary that revealed itself in the data by slower response times.
In the case of Tipper et al.'s (2002) study, the absence of a negative priming effect is expected precisely when the target and distractor have dissimilar actions associated with them. The data we present here do not decide between the two explanations of negative action compatibility effects. 4 What is clearly established, however, is that in order for one to ignore an object (distractor) in order to act on a goal-related object (target), similar processes may operate on its visual, semantic, and action properties.
Object-Based Theories of Affordance and Selection
We wish to argue that the data from these studies suggest that microaffordance effects arise when stimuli are treated or encoded as objects. In Experiments 1, 2, and 4, participants had to identify the target object on the basis of its color. In these circumstances, any object appearing in the scene was a potential target, and attending to a location prior to target presentation would not have been an efficient strategy. A more efficient strategy would have been to adopt an object-level mode of visual search. In this case (on at least some trials), the distractor object would have been attended to and coded as an object. As a consequence, according to our account of object representation, its associated action properties would have been activated. In order to respond to the target object, the activated action properties of the distractor object needed to be inhibited or decoupled, and this process led to a decrement in response performance whenever the action properties of the distractor were the same as those required for the overt response made to the target.
In Experiment 3, the participant always knew the location of an upcoming target. The most effective strategy in this situation would have been to allocate spatial attention, by default, to the known fixed location of the target. We suggest that only the object that appeared at this fixed location was attended to as an object and therefore only the target object (and not the distractor object) afforded an action to the viewer (hence an object-to-action compatibility effect was observed for only target objects). The distractor objects did affect responses, but this did not vary according to the actions associated with them. Rather, it was their visual and spatial properties (such as size and distance from the target location) that modulated their interference effects.
There is other evidence that appears to support our claim that microaffordance effects are a consequence of object-based attention. Vainio et al. (2007) reported data suggesting that some minimal level of attention to an object was required in order for it to afford action. In their study, participants maintained fixation on a small central fixation circle that was then replaced by a priming visual object that was oriented for a left-or right-hand reach-tograsp. Crucially, the fixation circle then reappeared superimposed on the prime object. After an unpredictable delay, a target symbol (-or ϩ) appeared very briefly within the circle, and according to an arbitrary response rule, participants responded to the target with a left-or right-hand keypress. The irrelevant prime object produced the usual object-to-action compatibility effects, with perfor-4 Similar issues have arisen in attempts to account for negative priming of visual and semantic properties of objects, where inhibitory and bindingrebinding explanations also compete. Although the data are equivocal, the inhibition account probably enjoys the widest support (Tipper, 2001 ). mance being superior whenever the response hand was compatible with the hand that would be used to handle the prime object. However, this compatibility effect was entirely eliminated if the fixation circle remained throughout the presentation of the prime object. It seems that engagement with the fixation circle was sufficient to prevent the coding of (or perhaps better, the noticing of) the prime object. Although the prime object presumably fell within any putative spotlight of attention (the fixation circle appeared centered at the point of fixation on the prime object), we suggest that its visual properties were not assembled along with its action properties to form an object-level representation. Similarly, attending to an individual visual feature of an object does not appear to be sufficient to derive that object's affordance for action. Responses to single objects show object-to-action compatibility effects whenever the response criterion is a relatively high-level property, for instance, object category membership (e.g., Tucker & Ellis, 2001 ), yet such effects are not observed if the response criterion is a relatively low-level property. For example, in Experiment 1 of Symes et al. (2005) , object-to-action compatibility effects were observed when participants responded with a left-or right-hand keypress to the object category (kitchen object or garage object) of left-and right-oriented objects. In marked contrast, however, when these same objects were categorized in terms of their color (green object or red object), no such effect was observed (Symes et al., 2005 , Experiment 3). We suggest that detecting color does not entail attending to an object as an object, whereas categorizing an object's identity does.
Microaffordance effects therefore appear to be a product of object-level attention. That this might be so accords with the idea that selection-for-action depends on object-level representation (Allport, 1987; Kahneman & Treisman, 1984) . It is also consistent with treating physical objects as being assemblies of features that afford specific actions, with the object-level representation actually depending on what action is under consideration-or in other words, what the object is taken to be (Allport, 1987) . Selection is necessary, at least in part, because of the physical limitations of the effector systems, which restrict the number of objects that can be acted on at any point in time. Object representation, object selection, and object affordance must be tightly coupled for these reasons.
The experiments we report here suggest that some versions of the ventral-dorsal distinction may be misleading. For instance, Goodale and Humphrey (1998) described the interaction between the two streams in terms of a teleassistance metaphor:
Processes in the ventral stream identify a particular goal and flag the relevant object in the scene, perhaps by means of an attention-like process. Once a particular goal object has been flagged, dedicated visuomotor networks in the dorsal stream (in conjunction with related circuits in premotor cortex, basal ganglia and brainstem) can then be activated to perform the desired motor act. (p. 202) The effects that distractor objects had on responses made to the relevant object in the scene (the target object) in Experiments 1, 2, and 4 appear to contradict views that treat object and action selection separately. Our data suggest that selection may occur between competing visual-action assemblies, each of which together may be said to represent objects.
